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Background: Contact investigation is an active approach to identifying new TB cases by 
screening contacts of known patients for symptoms and risk factors. This is particularly 
important for child contacts of TB patients because young children are at higher risk of 
progressing to severe disease compared to adults. Moreover, children are unable or unlikely to 
travel to clinics for evaluation independently, so their access to TB evaluation may depend on the 
adults in their household.  
 
Objective: To evaluate the association between individual- and household-level characteristics 
and completion of TB evaluation for children under 15 years.  
 
Setting: Seven public tuberculosis (TB) units in Kampala, Uganda.  
 
Design: A prospective cohort study nested into a household-randomized, controlled, pragmatic 
parent trial. Participants were recruited from both the intervention and control arm. Completion 
of TB evaluation was defined as a child going to the clinic after being referred during household 
contact investigation. We used generalized estimating equations with logistic regression to 
estimate the association between completion of TB evaluation among children and individual- 
and household-level characteristics.  
 
Results: Of 196 contacts under 5 years who were referred for evaluation, only 25 (13%) 
completed evaluation for TB by day 60. Of 48 contacts 5-14 years who were referred for TB 
evaluation, only 19 (40%) completed by day 60. In children under 5, controlling for age and 
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household head’s level of education, presence of TB symptoms (adjusted risk ratios (aRR) 2.6, 
95%CI 1.14-6.01, P=0.024) and household income (aRR 1.2, 95%CI 1.11-1.36, P=<0.001) were 
significantly associated with completion of TB evaluation on day 60.  
 
Conclusion: The majority of children who are referred for TB evaluation do not reach a clinic 
within 60 days. Children in higher-income households and children with symptoms that are 
evident to their parents and are more likely to complete TB evaluation than children in lower-
income households or those without recognized symptoms. Further research is needed to identify 
barriers to pediatric evaluation among low-income households, strategies for motivating the 
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In 2016, the World Health Organization (WHO) reported tuberculosis (TB) to be the 
leading cause of death from a single infectious agent (1). 6.3 million new cases were reported; 
children <15 years accounted for 6.9% of new cases (1). The WHO estimates that TB treatment 
programs fail to reach more than 4 million people with the disease each year, which is more than 
a third of the annual incident cases (8).  
The WHO recommends conducting contact investigation for all index patients who are 
positive for pulmonary TB (9). Contact investigation is an active approach to identifying active or 
latent TB infections by screening contacts of known patients for symptoms and risk factors. A 
systematic review reported that, among all close contacts of each index patient, 3.1% have active 
TB and 51.5% have latent TB (11). To identify one active TB case a program would have to 
screen 35 contacts, and for one latent TB infection a program would have to screen 2 contacts 
(11).  
Active case-finding by household contact investigation is particularly important for child 
contacts of TB patients because young children are at higher risk of progressing to severe disease 
compared to adults. Early case detection as a result of home-based screening and clinic-based 
evaluation can arrest progression of disease (3). Household contact investigation is shown to 
increase case-finding in children <15 years (3,5). Moreover, a meta-analysis found that among 
contacts <5 years, 10% have active TB and 35.5% have latent TB infection, while among 
contacts between 5-14 years, 8.4% will have active TB and 53.1% will have latent TB infection 
(11).  
The cascade of care analysis can be used to identify and address gaps in the continuum of 
care for TB (29). This is a concept that is actively being used in the HIV community but published 
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analyses for TB is sparse. For latent tuberculosis infection the cascade begins with individuals 
being screened for TB, being referred to a clinic for further evaluation, completing a medical 
evaluation, starting TB treatment, and then completing treatment (29). Once pediatric contacts are 
identified through home-based screening, the next step in the cascade is to travel to a health 
clinic to be evaluated for TB and, if appropriate, receive treatment or isoniazid preventative 
therapy (IPT) (6). For child contacts, the WHO recommends a thorough assessment, including 
history of exposure, clinical examination, tuberculin skin testing, chest X-ray and a smear 
microscopy (9). Completing TB evaluation is important to reduce transmission and improve 
patient outcomes (2).  
However, a study in Uganda found that only 12% of children under 5 completed TB 
evaluation following household contact investigation (7). TB evaluation for younger children may 
be especially difficult to implement in low-resource settings due to lack of understanding about 
the symptoms of childhood TB (5). There are also a number of social barriers to screening and 
evaluating children. A young child cannot make their own independent choices, so their ability to 
complete TB evaluation is contingent on their parent. In addition, children can cough for 
multiple different reasons, making it difficult for parents to discern when a cough might indicate 
something serious. However, little is known about which individual or household characteristics 
are associated with incomplete evaluation among children. In order to design interventions to 
increase the unacceptably low rate of TB evaluation among the child contacts of current TB 
patients, it is critical to understand the individual and household characteristics associated with 
incomplete TB evaluation. 
 This thesis aims to identify predictors of completion of TB evaluation among children 
who were referred for evaluation during household contact investigation in Kampala, Uganda in 
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order to inform future interventions. We sought to test individual- and household- level 
predictors of completing evaluation for TB among children <5 years of age and children aged 5 
to 14 years. Our main hypothesis is that household income, household head’s education level and 
adult motivation will increase the likelihood of completing evaluation for TB among children <5 
years of age and children 5-14 years of age, who were referred for evaluation during household 
contact investigation. We further hypothesize that the presence of TB symptoms in children will 
increase likelihood of completing TB evaluation.  
 
METHODS 
Setting and Study Design 
The parent study took place in seven public TB units in Kampala, Uganda, where the 
Uganda National TB and Leprosy Programme introduced household contact investigation for TB 
in 2013. Each TB unit offered diagnostic and treatment options, as well as routine household 
contact investigation.  The parent study evaluated the effects of home sputum testing and the use 
of mobile phones and short-messaging services (SMS) on completion of TB evaluation in a 
household-randomized, controlled trial. The control arm followed standard contact investigation 
protocols. The intervention arm followed all the steps of the control arm along with three 
additional steps. First, community health workers offered home sputum collection to 
intervention-arm individuals 5 years or older who screened positive for TB symptoms or if they 
had HIV. Those who could not produce sputum or who were children under 5 were referred 
directly to clinics. Second, all intervention-arm contacts aged 15 years or older were offered 
voluntary HIV counseling and testing in their homes. Lastly, intervention-arm contacts were 
notified of the results of their TB evaluation via SMS. All clinics provided free primary care as 
well as free TB and HIV evaluation and treatment (13).  
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The present study aimed to examine the association of individual characteristics such as 
age and gender as well as household characteristics such as income and education with 
completion of evaluation for TB in children under 15. We conducted a secondary analysis of data 
from a household-randomized, controlled, pragmatic trial. We used a prospective cohort design; 
individual and household data were collected during the contact investigation visit and outcomes 
were measured in the clinics to which participants were referred. Participants were recruited 
from both the intervention and control arm. This study examined completion of evaluation for 
TB among referred children at 14 and 60 days following the initial household contact 
investigation visit.  
  
Study population and Procedures 
We included children under the age of 15 from households enrolled in the parent study in 
which at least one individual met the contact definition. Community health workers from the 
seven public-sector TB units enrolled index patients being treated for active pulmonary TB. 
Index patients were eligible if they were microbiologically confirmed for pulmonary TB and 
resided in Kampala. Patients were excluded if they could not provide consent, had multi-drug 
resistant TB, had no contacts living in the household, were homeless, had no access to a phone, 
or were not fluent in Luganda or English.  
Once enrolled, community health workers offered household contact investigation and 
scheduled a home visit. At the home, community health workers screened the household contacts 
and collected demographic and clinical information for each contact. The community health 
workers defined a household contact as any person who slept under the same roof as the index 
TB patient for at least 5 nights in the last 3 months (14). Contacts were excluded if they refused 
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to give consent for screening, did not have access to a mobile phone, were unwilling to release 
personal health information over the phone, were not fluent in Luganda or English, or were 
currently on TB treatment. 
All children <5 years were referred to the clinic for evaluation. In addition, children older 
than 5 years who reported TB symptoms, adults who reported TB symptoms, and any individual 
who reported living with HIV were referred to the clinic for evaluation.  During the screening 
and interview process, all individuals 5 years or older were fingerprinted to track if the individual 
returned to the clinic. Children under 5 years could not be fingerprinted; instead, the community 
health workers looked these children up by name if and when they arrived at the clinic.  
Older children undergo different types of evaluation; however, we reason that the most 
important characteristic of children for understanding patterns in completion of TB evaluation is 
that they have difficulty independently seeking care. Therefore, we included all households with 
one or more contacts under 15 years of age in the present study and stratified analyses by age 
category (>5 years of age or 5-14 years of age). We excluded households where at least one child 
was offered home sputum collection with the understanding that the referral process would be 
different for these children. To avoid possible confounders, we excluded the entire household 




The primary outcomes of interest were completion of pediatric TB evaluation at 14 days 
and 60 days, which was coded dichotomously. Completion of evaluation was defined as any 





We examined three individual-level characteristics thought to influence the completion of 
TB evaluation: gender, age, and presence of symptoms. The presence of symptoms was coded 
dichotomously based on whether the parent indicated the child was reported to have any TB 
symptoms. TB symptoms included presence of persistent cough lasting for at least two weeks, a 
fever lasting for at least a month, weight loss and night sweats.  
We also examined household-level characteristics: household income, head of 
household’s education level, and adult willingness or motivation to travel to the clinic. While we 
did not have a direct measure for adult household members’ willingness to travel to the clinic, 
we identified and examined several candidate variables that may affect adults’ behavior and 
decision to travel to clinic, such as household size, distance from clinic, presence of adult contact 
with symptoms, and presence of an older female figure.  
Mode of transportation was categorized as either automated, such as using a car, taxi or 
boda boda; or self-propelled, such as using a bicycle, walking, or other. The mode of 
transportation and length of transportation reflects the head of household’s daily experience and 
may not necessarily reflect their experience getting to the clinic. The presence of a symptomatic 
adult was based on whether any adult contact, individuals over 15 years of age, in the same 
household indicated having any TB symptoms. Presence of an older female meant that there was 





We first calculated descriptive statistics for our overall study population of children <15 
years and then again for each age category, children <5 years and children 5-14 years. We then 
carried out bivariate analyses of each individual- and household-level variable, performing chi-
squared tests of association with completing evaluation at 14 days and 60 days. Based on these 
initial analyses, we identified candidate variables for our final models. We chose candidate 
variables based on whether the variable had a significant bivariate association and whether there 
were previous studies that identified a variable as a known confounder. We fit a generalized 
estimating equation with logistic regression. We used a manual stepwise forward strategy to 
construct our multivariable model using the quasi-likelihood under the independence-model 
criterion (QIC). We fit separate models for children <5 years of age and children 5-14 years of 
age. All analyses were carried out using STATA version 15.1 (Stata Corporation, College 
Station, Texas).  
 
RESULTS 
Characteristics of the study population 
Community health workers encountered 443 children under the age of 15 during the parent trial 
(Figure 1). Thirteen (10%) of 127 eligible children in the intervention arm were directly offered 
home sputum collection. A total of 30 children were excluded from the present study because 
home sputum collection was offered during the household contact investigation visit, including 5 
(2.5%) children under 5 years and 25 (10.3%) children between 5-14 years.  Of the remaining 
413 children, 244 (59%) were eligible for TB evaluation; 105 (43%) in the intervention arm and 
139 (57%) in the control arm (Figure 2). Of the 105 children in the intervention arm, 90 (86%) 
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were children <5 and 15 (14%) were children 5-14 years. Of the 139 children in the control arm, 
106 (76%) were children <5 and 33 (24%) were children 5-14 years. A total of 11 (10%) children 
from the intervention arm completed TB evaluation by day 60. A total of 33 (24%) children from 
the control arm completed TB evaluation by day 60. Of the 25 children under 5 who completed 
TB evaluation, 7 (28%) were in the intervention arm and 18 (72%) were in the control arm. 
There was no statistically significant difference in completion (RR 0.5, 95% CI 0.20-1.05, 
P=0.054) between children under 5 in the intervention and control arm. Of the 19 children 5-14 
years who completed TB evaluation, 4 (21%) were in the intervention arm and 15 (79%) were in 
the control arm. There was no statistically significant difference in completion (RR 0.6, 95% CI 
0.23-1.47, P=0.217) between children 5-14 years in the intervention and control arm. 
 
Characteristics of the study population, by age 
Children <5 years 
 There were 196 children in the under-5-years group who were eligible for TB evaluation. 
Their average age was 2 years old. Ninety-seven (49.5%) children were male, and 66 (33.7%) 
children were symptomatic. The average household size was 5.2 people. Fifty-four (43.6%) 
children had a head of household with primary education, 55 (44.4%) with secondary education, 
and 15 (12.1%) with tertiary education. Ninety-six (76.8%) children lived with household heads 
who utilize automated transportation. The average daily transportation time for head of 
households was 3.0 hours. The average household monthly income was 120,000 UGX, which 
can be converted to 32.02 USD. Forty-seven (24.0%) children had a symptomatic adult contact 
in the home. One hundred seventy-nine (91.3%) children had an older female present in the 
home.  
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 Twenty-five (12.8%) of the eligible children <5 years completed evaluation at the clinic 
within 60 days. None of the children who completed evaluation at the clinic were initiated on 
isoniazid preventive therapy. 
 
Children aged 5-14 years 
There were 48 children in the 5-14 years group who were eligible for TB evaluation. 
Their average age was 9 years old. Nineteen (39.6%) children were male, 45 (93.8%) children 
were symptomatic. The average household size was 6.4 people. Thirteen (40.6%) children have 
head of households with primary education, 17 (53.1%) with secondary education and 2 (6.3%) 
with tertiary education. Twenty-six (76.5%) children have household heads who utilize 
automated transportation. The average transportation time for head of households was 2.5 hours. 
The average household income was 1.6 shillings (in hundreds of thousands). Eighteen (37.5%) 
children had a symptomatic adult contact in the home. Forty-three (89.6%) had an older female 
present in the home.  
Nineteen (39.6%) of the eligible children aged 5-14 years completed evaluation at the 
clinic within 60 days. None of the children who completed evaluation at the clinic were initiated 
on isoniazid preventive therapy because the guidelines prior to 2018 did not recommend IPT in 
this group. There was a statistically significant difference between the age groups in terms of size 
of household (P<0.001): children 5-14 years were more likely to be in bigger households 
compared to children <5 years.  
 
Bivariate analyses 
Children under 5 years 
 16 
Among children under 5 years old, completion of TB evaluation by either day 14 or day 
60 was significantly associated with whether the child was symptomatic, the head of household’s 
education and household income (Table 2). A symptomatic child was 3 times as likely to 
complete evaluation (risk ratio (RR) 3.1, 95% CI 1.26-7.61, P=0.010), compared to a non-
symptomatic child, though even non-symptomatic children were in need of evaluation. Children 
in households where the head of household had a higher education were 3 times as likely to 
complete evaluation by day 60 (RR 2.9, 95% CI 1.02-8.22, P=0.032), compared to children whose 
head of household only had primary level education (Table 3). Children from higher income 
households were also 3 times as likely to complete evaluation (RR 2.8, 95% CI 1.21-6.62, 
P=0.010), compared to those from lower income households. None (0%) of the 54 children with a 
head of household who had only a primary level education completed evaluation by 14 days, and 
only 4 (7.4%) of those children went on to complete evaluation by day 60. In households without 
an older female figure, none (0%) of the 17 children completed evaluation by day 14, and only 1 
(5.9%) of those children completed by day 60.  
 
Children 5-14 years 
Among children aged 5 to 14 years old, children in larger households were 3.2 times as 
likely to complete evaluation by day 14 (RR 3.2, 95% CI 0.83-12.27, P=0.048), compared to 
children in smaller households (Table 4). Children in households where the head of household 
had a higher education were also 3.0 times as likely to complete evaluation by day 60 (RR 3.0, 
95% CI 1.05-838, P=0.012) (Table 5). None (0%) of the 3 non-symptomatic children completed 
evaluation by day 14 or day 60. None (0%) of the 5 children without an older female figure had 
completed evaluation at day 14, 1 (20%) completed at day 60.  
 17 
 
Multivariable analyses  
Children under 5 years  
Among children under 5 years of age, presence of TB symptoms (adjusted risk ratios 
(aRR) 3.5, 95%CI 1.07-11.17, P=0.038) and household income (aRR 1.4, 95%CI 1.25-1.58, 
P<0.001) were significantly associated with TB evaluation completion on day 14, after 
controlling for age (Table 6). Presence of TB symptoms (aRR 2.6, 95%CI 1.14-6.01, P=0.024), 
and household income (aRR 1.2, 95%CI 1.11-1.36, P<0.001) were significantly associated with 
TB evaluation completion on day 60, after controlling for age and household head’s education 
(Table 7). Child contacts presenting with TB symptoms were 2.6 times as likely to complete 
evaluation compared to those without TB symptoms. For every additional 100,000 shillings 
(approximately $27 USD) in household income, children under 5 years were 20% more likely to 
complete TB evaluation.  
 
Children 5-14 years  
Among children aged 5-14 years, household head’s level of education (aRR3.4, 95%CI 
1.17-9.71, P=0.025) was significantly associated with TB evaluation completion at day 60, 
controlling for age (Table 9). Contacts with household heads who completed higher education 
were 3.4 times as likely to complete evaluation compared to contacts whose household heads 
only have primary level education. Size of household (aRR1.1, 95%CI 0.91-1.28, P=0.364) was 
not significantly associated with TB evaluation completion on day 14, controlling for age (Table 






Active case-finding is important in identifying pediatric contacts who may be exposed to 
TB (19). Household contact investigation is an efficacious method to find TB-exposed children 
and refer them to TB evaluation in high-burden countries (18, 19). In many settings, barriers, such 
as gaps in TB knowledge and competing priorities for parents, prevent children from reaching 
the clinic for evaluation (3, 15, 16). For children under 5, who should be evaluated for TB regardless 
of symptoms, we found that the main characteristics associated with completing TB evaluation 
were presence of TB symptoms and household income. For children 5-14 years, the only 
predictor of completion of TB evaluation was the household head’s education level.    
In our study, every 100,000-shilling (approximately $27) increase in weekly household 
income increased the likelihood of completing TB evaluation for children under 5 by 20%. Other 
studies have noted the financial burdens of bringing children to clinics for evaluation (3, 17). Low-
income households experience difficulty paying for transportation and bearing indirect financial 
burdens such as taking time away from work (3, 17). This suggests that interventions that offering 
financial assistance, such as compensation for travel to the clinic, might increase pediatric 
evaluation by decreasing financial barriers. While data for financial incentives in pediatric TB 
care is sparse, studies looking at adult TB suggest improvements in clinical outcome and patient 
retention with financial support (20,21).  
Household income may be linked with head of household’s level of education (12). A 
study in Kampala, Uganda found that contacts in households where the head of household has a 
primary-level education is significantly less likely to complete TB evaluation (12). A higher 
education may be correlated with higher income and resources to complete TB evaluation. 
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Individuals with higher formal education are more likely to have high incomes and better health 
literacy, making it easier to communicate with health care workers (12). However, we found that 
education of household head is independently associated with completion of pediatric TB 
evaluation, controlling for income.  
In our study, the presence of TB symptoms increased the likelihood of completing TB 
evaluation among children under 5 years old. However, the number of symptomatic children 
who went in for evaluation on day 14 and day 60 was still very low. This implies that parents 
may not be aware that symptoms are associated with TB. A qualitative study in Lima, Peru 
showed that some adults did not associate non-pulmonary symptoms, such as fevers or fatigue, 
with TB symptoms (15, 16). Young children take 4-12 weeks after the initial exposure for the 
child’s immune system to show signs of TB infection (27). In addition, children will often present 
non-specific symptoms, such as fever, growth delay, weight loss, night sweats, and persistent 
cough (28). Clinical signs are often subtle, making it difficult to confirm TB in young children 
without a clinical evaluation (28). Even when children do present symptoms, such as a cough, 
parents tend to attribute it to other ailments such as allergies or the common cold (16). Our finding 
may imply a lack of urgency among parents regarding clinical evaluation if the child is non-
symptomatic. This is consistent with a systematic review that showed caregivers did not see the 
need for TB screening or IPT initiation when their child appeared healthy and non-symptomatic 
(3). Future interventions could equip community health workers to educate families about the 
different symptoms of pediatric TB and the importance of having the child evaluated in the 
absence of obvious symptoms.   
 We found no evidence that presence of an older female figure was significantly 
associated with TB evaluation for children under 5 or children 5-14 years. Although the bivariate 
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association was not statistically significant, almost no children without an older female figure in 
the study completed TB evaluation. Studies show that urgency to care for a child with TB may 
be dependent on the relationship of the index patient to the child contact (3, 22). A study of home 
contact investigation in Timor-Leste found that child contacts were more likely to attend the 
clinics if the index patient was the parent, regardless of location to the clinic (22). Index patients 
who are not the caregivers may not pass important TB-related information to parents, delaying 
the child going to the clinic (3,22,24). In contrast, a study in Peru suggests that index patients who 
are the caregivers may be less likely to bring their child to the clinic (15). The mother or caregiver 
of the child may be in poor health because of side effects from active TB treatment, such as 
fatigue and nausea, making it difficult to bring their child to the clinic (15). Although we could not 
determine the relationship between the index patient and child in our study, a study in Malawi 
suggests that females are more likely to present to the clinic (23).  
 Low completion of TB evaluation indicates a delay in children being treated for active or 
latent TB. Even when children did reach clinical evaluation, we found no evidence that any of 
the children who did attend the clinic for evaluation were initiated on IPT. The WHO 
recommends that IPT be given to all children under 5 and those with HIV when active TB is 
ruled out (9). This is not consistently implemented in Uganda, or in other high TB burden, low-
income countries (9). Difficulty in diagnosing active TB in children makes it difficult for some 
clinicians to feel comfortable prescribing IPT (3). A chest x-ray is used to rule out active 
tuberculosis but this is often very difficult to acquire in these communities because of limited 
resources (3,30). A cohort study in Indonesia evaluated the performance of symptom-based 
screening in children and determined it to be a safe and simple method compared to traditional 
clinical evaluation (25). All child contacts underwent clinical evaluation as the baseline 
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assessment and were categorized based on the presence of any TB symptoms (25). Based on the 
clinical evaluation, none of the asymptomatic children had active TB during the initial evaluation 
or during the one-year follow up (25). This indicates that asymptomatic children are not likely to 
have active TB during the initial screening and that symptom-based screening can be accurate 
(25).  Future interventions could adapt the “screen and treat” procedure used for HIV care, 
enabling young children to initiate IPT during home contact investigation rather than traveling to 
a clinic. Moreover, a study in Ethiopia evaluated the acceptability of IPT provision and 
evaluation during home contact investigation (26). All parents of asymptomatic children under 5 
who were offered IPT treatment accepted and >90% of children completed the 6-month regimen 
(26). Household-initiated IPT for children who undergo symptom-based screening could increase 
IPT uptake.  
 The use of participants from both the control arm and intervention arm can introduce bias 
but we felt the bias would be minimal. Our overall argument is that child tuberculosis evaluation 
depends on the behavior of the parent. Parents in the intervention arm would have a different 
experience than those in the control arm. Parents in the intervention arm would receive a home 
sputum test. A positive sputum test may increase the likelihood of the parent bringing their child 
in for evaluation because they are already going to the clinic. However, a majority of home 
sputum tests come back negative. For the parents in the intervention group, a negative home 
sputum test may decrease the likelihood of the child coming for an evaluation. Parents in the 
control group are not offered a home sputum test and are required to go to a clinic to get tested, 
this could increase the likelihood of the child also going with them for evaluation. Our results 
showed no significant difference between children who completed TB evaluation in the 
intervention arm compared to the control arm.  
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 This study had some limitations. First, the small sample size of children aged 5 to 14 
years meant that the analyses for that age group were underpowered, limiting our ability to draw 
conclusions. Second, this secondary analysis was limited to the data collected for the purposes of 
the primary study’s research questions. The original questionnaires were not specific to our 
research question. Third, including participants from both the intervention and control arm may 
have introduced more unmeasured confounders. Finally, this analysis may be limited by missing 
and misrepresented household data such as head of household’s education level and household 
income.   
 This study also has strengths. First, our analysis is one of the first to examine individual- 
and household-level characteristics as predictors of a child coming to a clinic for evaluation after 
home contact investigation. Second, our study contributes to understanding factors that may 
affect a caregiver’s decision in pursuing pediatric clinical evaluation. Third, we had a robust 
sample size for children under 5 and were able to fit a multivariable model that provided insight 
into the multiple predictors of evaluation completion for this age group.  Finally, our study was 
also conducted at seven public TB clinics in a high-burden, low-resource setting, enhancing its 
generalizability to other densely populated, high TB burden, low-income settings.  
 In conclusion, children in Uganda who are at elevated risk of TB continue to face many 
challenges to completing TB evaluation. Presence of individual symptoms and household income 
influence children’s likelihood of completing evaluation. In order to increase low completion 
rates, the healthcare system must continue to form strong partnerships with the community. 
Future research must develop and test interventions to educate parents and alleviate 
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Table 1.  Description of the Sample, by age 
 
Characteristic Children <5 years 
(n = 196) 
Children 5-14 years 
(n = 48) 
P-value  
Individual   
Age (years), mean ± SD 
 
2.0 ± 1.5 
 
8.7 ± 2.7 
 
<0.001 
Sex   0.218 
     Male 92 (49.5) 19 (39.6)  
     Female 94 (51.5) 29 (60.4)  
Symptomatic child  
     Yes 
     No 
 
Household  
Size, mean ± SD 





















     Primary (1-7) 54 (43.6) 13 (40.6)  
     Secondary (0 or A level) 55 (44.4) 17 (53.1)  
     Tertiary (University)  15 (12.1) 2 (6.3)  
Transportation for head of household   0.968 
     Automated 96 (76.8) 26 (76.5)  
     Self-automated   
Transport time (in hours), mean ± SD 
29 (23.2) 
3.0 ± 4.2 
8 (23.5) 
2.5 ± 2.6  
 
0.489 
Income (in hundreds of thousands), 
mean ± SD1 
1.2 ± 1.3 1.6 ± 1.0  0.075 
Symptomatic adult    0.058 
     Yes 47 (24.0) 18 (37.5)  
     No 149 (76.0) 30 (62.5)  
Older female2  
     Yes  



















                                                 
1 100,000 Shillings = 27 US dollars  
2 Older female is defined as any female in the household over 21 years.  
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Table 2. Unadjusted associations with complete evaluation at 14 days for children <5 years of age 
Characteristic (n=196) Completed at 14 days  Risk ratio (95%CI) p-value 
Individual-level 
Sex 
     Male (n=97) 12 (12.4%) 2.0 (0.80-5.22) 0.126 
     Female (n=99) 6 (6.1%) -- 
Age 
      <1-year-old (n=40) 7 (17.5%) -- 0.041 
      >1-year-old (n=156) 11 (7.1%) 0.4 (0.17-0.97) 
Symptomatic  
    Yes (n=66) 11 (16.7%) 3.1 (1.26-7.61) 0.010 
    No (n=130) 7 (5.4%) -- 
Household-level 
Size  
    >5 members (n=107) 9 (8.4%) 0.8 (0.34-2.01) 0.681 
    <5 members (n=89) 9 (10.1%) -- 
Education for head  
   Primary (n=54) 0 (0%) -- 0.001 
   Higher (n=70) 12 (17.1%) N/A 
Transportation for head 
   Automated (n=96) 10 (10.4%) 1.5 (0.35-6.51) 0.573 
   Self-propelled (n=29) 2 (6.9%) -- 
Transport time for head 
   >3 hours (n=24) 1 (4.2%) 0.4 (0.06-3.31) 0.402 
   <3 hours (n=95) 9 (9.5%) -- 
Income (hundreds of thousands) 
  >110 UGX (n=29) 6 (20.7%)  3.8 (1.15-12.41) 0.020 
  <110 UGX (n=73) 4 (5.5%) -- 
Symptomatic Adult    
   Yes (n=47) 6 (12.8%) 1.6 (0.63-3.99) 0.329 
   No (n=149) 12 (8.1%) -- 
Older female figure     
   Yes (n=179) 18 (10.1%) N/A 0.170 
   No (n=17) 0 (0.0%) -- 
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Table 3. Unadjusted associations with complete evaluation at 60 days for children <5 years of age 
Characteristic (n=196) Completed at 60 days  Risk ratio (95%CI) p-value 
Individual-level 
Sex 
     Male (n=97) 16 (16.5%) 1.8 (0.84-3.91) 0.120 
     Female (n=99) 9 (9.1%) -- 
Age 
     < 1-year-old (n=40) 9 (22.5%) -- 0.038 
      >1-year-old (n=156) 16 (10.3%) 0.5 (0.22-0.95) 
Symptomatic  
    Yes (n=66) 15 (22.7%) 3.0 (1.41-6.21) 0.003 
    No (n=130) 10 (7.7%) -- 
Household-level 
Size  
    >5 members (n=107) 14 (13.0%) 1.1 (0.51-2.21) 0.880 
    <5 members (n=89) 11 (12.4%) -- 
Education for head 
   Primary (n=54) 4 (7.4%) -- 0.032 
    Higher (n=70) 15 (21.4%) 2.9 (1.02-8.22) 
Transportation for head 
   Automated (n=96) 15 (15.6%) 1.1 (0.41-3.15) 0.810 
   Self-propelled (n=29) 4 (13.8%) -- 
Transport time for head 
   >3 hours (n=24) 2 (8.3%)  0.5 (0.13-2.15) 0.351 
   <3 hours (n=95) 15 (15.8%)  
Income (thousands) 
  >110 UGX (n=29) 9 (31.0%) 2.8 (1.21-6.62) 0.014 
  <110 UGX (n=73) 8 (11.0%) -- 
Symptomatic Adult    
   Yes (n=47) 8 (17.0%) 1.5 (0.69-3.23) 0.315 
   No (n=149) 17 (11.4%) -- 
Older female figure     
   Yes (n=179) 24 (13.4%) 2.3 (0.33-15.82) 0.374 
   No (n=17) 1 (5.9%) -- 
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Table 4. Unadjusted associations with complete evaluation at 14 days for children 5-14 years of age 
Characteristic (n=48) Completed at 14 days  Risk ratio (95%CI) p-value 
Individual-level 
Sex 
     Male (n=19) 5 (26.3%) 0.7 (0.29-1.68) 0.404 
     Female (n=29) 11 (37.9%) -- 
Age 
     >10-year-old (n=18) 10 (33.3%) 1.0 (0.44-2.29) 1.000 
     <10-year-old (n=30) 6 (33.3%) -- 
Symptomatic  
    Yes (n=45) 16 (35.6%) N/A 0.206 
    No (n=3) 0 (0%) -- 
Household-level 
Size  
    >6 members (n=33) 14 (42.4%) 3.2 (0.83-12.27) 0.048 
    <6 members (n=15) 2 (13.3%) -- 
Education for head 
   Primary (n=13) 3 (23.1%) -- 0.051 
    Higher (n=19) 11 (57.9%) 2.5 (0.87-7.27) 
Transportation for head 
   Automated (n=26) 12 (46.2%) 1.8 (0.52-6.57) 0.288 
   Self-propelled (n=8) 2 (25.0%) -- 
Transport time for head 
   >2.4 hours (n=9) 2 (22.2%)  0.5 (0.13-1.72) 0.193 
   <2.4 hours (n=21) 10 (47.6%)  
Income (thousands) 
  >130 UGX (n=14) 6 (42.9%) 1.1 (0.48-2.74) 0.765 
  <130 UGX (n=16) 6 (37.5%) -- 
Symptomatic Adult    
   Yes (n=18) 7 (38.9%) 1.3 (0.59-2.87) 0.527 
   No (n=30) 9 (30.0%) -- 
Older female figure     
   Yes (n=43) 16 (37.2%) N/A 0.095 
   No (n=5) 0 (0.0%) -- 
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Table 5. Unadjusted associations with complete evaluation at 60 days for children 5-14 years of age  
Characteristic (n=48) Completed at 60 days  Risk ratio (95%CI) p-value 
Individual-level 
Sex 
     Male (n=19) 6 (31.6%) 0.7 (0.29-1.68) 0.359 
     Female (n=29) 13 (44.8%) -- 
Age 
     >10-year-old (n=18) 12 (40.0%) 1.0 (0.50-2.13) 0.939 
     <10-year-old (n=30) 7 (38.9%) -- 
Symptomatic  
    Yes (n=45) 19 (42.2%) N/A 0.148 
    No (n=3) 0 (0%) -- 
Household-level 
Size  
    >6 members (n=33) 15 (45.5%) 1.7 (0.68-4.27) 0.217 
    <6 members (n=15) 4 (26.7%) -- 
Education for head 
   Primary (n=13) 3 (23.1%) -- 0.012 
    Higher (n=19) 13 (68.4%) 3.0 (1.05-838) 
Transportation for head 
   Automated (n=26) 13 (50.0%) 1.3 (0.50-3.53) 0.536 
   Self-propelled (n=8) 3 (37.5%) -- 
Transport time for head 
   >2.4 hours (n=9) 2 (22.2%)  0.4 (0.11-1.40) 0.079 
   <2.4 hours (n=21) 12 (57.1%)  
Income (thousands) 
  >130 UGX (n=14) 7 (50.0%) 1.1 (0.53-2.45) 0.732 
  <130 UGX (n=16) 7 (43.8%) -- 
Symptomatic Adult    
   Yes (n=18) 8 (44.4%) 1.2 (0.60-2.44) 0.594 
   No (n=30) 11 (36.7%) -- 
Older female figure     
   Yes (n=43) 18 (41.9%) N/A 0.344 
   No (n=5) 1 (20.0%) -- 
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Legend: We fit a multivariable GEE population-averaged model using a sandwich estimator to adjust standard errors for 
clustering by household. 
Abbreviation: GEE, generalized estimating equations. RR, risk ratio. 
 
Table 7. Household-adjusted model predicting evaluation within 60 days among children 







Legend: We fit a multivariable GEE population-averaged model using a sandwich estimator to adjust standard errors for 
clustering by household. 
Abbreviation: GEE, generalized estimating equations. RR, risk ratio. 
 
Table 8. Household-adjusted model predicting evaluation within 14 days among children 5-
14 years.  
Parameter RR estimate (95%CI) p-value 
Age 1.0 (0.79-1.28) 0.955 
Size of household   1.1 (0.91-1.28) 0.364 
Legend: We fit a multivariable GEE population-averaged model using a sandwich estimator to adjust standard errors for 
clustering by household. 
Abbreviation: GEE, generalized estimating equations. RR, risk ratio. 
 
Table 9. Household-adjusted model predicting evaluation within 60 days among children 5-
14 years.   
Parameter RR estimate (95%CI) p-value 
Age 0.9 (0.80-1.07) 0.289 
Head of household education 3.4 (1.17-9.71) 0.025 
Legend: We fit a multivariable GEE population-averaged model using a sandwich estimator to adjust standard errors for 
clustering by household. 
Abbreviation: GEE, generalized estimating equations. RR, risk ratio. 
Parameter RR estimate (95%CI) p-value 
Age 0.9 (0.52-1.45) 0.580 
Symptomatic child  3.5 (1.07-11.17) 0.038 
Household income  1.4 (1.25-1.58) <0.001 
Parameter RR estimate (95%CI) p-value 
Age 0.9 (0.65-1.16) 0.341 
Symptomatic child  2.6 (1.14-6.01) 0.024 
Head of household education 2.2 (0.72-6.58) 0.170 
Household Income  1.2 (1.11-1.36) <0.001 
